The (e++e−) flux measurement up to 1 TeV with the AMS-02 experiment  by Vagelli, V. & Weng, Z.L.
The (e+ + e−) ﬂux measurement up to 1 TeV with the AMS-02 experiment
V. Vagellia, Z.L. Wengb, on behalf of the AMS-02 Collaboration
aInstitut fu¨r Experimentelle Kernphysik, Karlsruhe Institute of Technology, KIT, D–76128 Karlsruhe, Germany
bMassachusetts Institute of Technology, MIT, Cambridge, MA 02139, USA
Abstract
AMS-02 is a large acceptance cosmic ray detector operating on the International Space Station since May 2011. Of
the ∼41 billion events collected in the ﬁrst 30 months of data taking, 10.6 million have been selected as e+ and e− for
the measurement of the (e+ + e−) energy spectrum from 0.5 GeV to 1 TeV. In this contribution, the latest result on the
(e+ + e−) ﬂux measurement with AMS is presented.
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The measurement of the positrons and electrons (e±)
in cosmic rays provides fundamental information about
the origin and the propagation of e± in the galaxy. Re-
cent measurements of the positron fraction, of the e+
ﬂux up to 500 GeV, and of the e− ﬂux up to 700
GeV by the Alpha Magnetic Spectrometer (AMS) [1, 2]
have conﬁrmed the existence of an additional e± source
at high energies beyond well established astrophysical
mechanisms. The AMS measurements of e+ and e− are
discussed in [3]. This contribution discusses the AMS
measurement of the (e+ + e−) cosmic ray ﬂux from 0.5
GeV to 1 TeV, based on the analysis presented in [4].
1. AMS detector
AMS is a general purpose high-energy particle
physics detector which has been installed on the In-
ternational Space Station in May 2011 to conduct a
unique long-duration (∼20-year) mission of fundamen-
tal physics research in space. The AMS detector is fully
described in [5].
The core of AMS consists of a tracker and a 0.14 T
permanent magnet. Nine planes of double-sided silicon
microstrip tracker measure the coordinates and energy
losses of cosmic rays in each plane to determine their
trajectory and absolute charge, |Z|. The tracker mea-
sures the particle rigidity R = p/Z, where p is the mo-
mentum, over a lever arm of 3m. The maximum de-
tectable rigidity is 2 TV.
Four Time Of Flight (TOF) planes trigger the read-
out of the detector and measure the particle velocity
and ﬂight direction. The curvature measured with the
tracker and the ﬂight direction of the particle measured
with the TOF yield the sign of the charge. Particles
outside the geometric acceptance are rejected by anti-
coincidence counters located inside the magnet bore
with ineﬃciency less than 10−5.
The AMS detector is completed by a ring imag-
ing Cherenkov detector, an electromagnetic calorimeter
(ECAL), and a transition radiation detector (TRD). The
tracker, TOF, and TRD each measure |Z| independently.
The 3-dimensional imaging capability of the 17 radi-
ation length (17 X0) ECAL provides an accurate mea-
surement of the shower shape and of the e± energy
scaled to the top of AMS (E). An ECAL estimator,
based on a boosted decision tree algorithm [6], is used
to diﬀerentiate e± from protons by exploiting their dif-
ferent shower shapes.
To further diﬀerentiate between e± and protons, the
signals from the 20 layers of proportional tubes in the
TRD are combined into a TRD classiﬁer formed from
the product of the probabilities of the e± hypothesis.
More details about the AMS e± identiﬁcation capa-
bilities are covered in [7].
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2. Analysis
AMS collected ∼41 billion events from 19 May 2011
to 26 Nov. 2013. The data have been analyzed to mea-
sure the isotropic Φ(e+ + e−) ﬂux, deﬁned as:
Φ(e+ + e−) =
N(E)
A(E) · T (E) · E(E) · T (E) · ΔE (1)
where N is the number of (e+ + e−) events, A is the ef-
fective detector acceptance, T is the trigger eﬃciency,
E is the ECAL signal selection eﬃciency and T is the
exposure time.
Φ(e+ + e−) has been measured in 74 independent en-
ergy bins of width ΔE from 0.5 GeV to 1 TeV. The bin
width amounts to at least 2 times the ECAL resolution,
and it smoothly increases with energy to ensure enough
data in each bin. The bin-to-bin migration eﬀect due to
the ﬁnite ECAL resolution is ∼1% at 1GeV and it de-
creases down to 0.2% above 10GeV. Its contribution to
the total measurement systematic uncertainty is found to
be negligible if compared with other systematic eﬀects
discussed below.
The absolute energy scale is veriﬁed on data collected
in space by the comparison of minimum ionizing parti-
cle signals and of the ratio E/p with test beam values.
The scale is known with a precision of 2% in the test
beam range [10, 290] GeV. The uncertainty increases
up to 5% at 0.5 GeV and at 1 TeV. This is assigned as
uncertainty to the energy bin boundaries.
Downward-going relativistic particles with a single
reconstructed tracker track crossing at least 8 of the 20
TRD layers and passing through the ECAL are selected
for the analysis. Particles with |Z|>1 are rejected using
dE/dx in the tracker and in the TRD. Particles that only
ionize in the ﬁrst 5X0 of the ECAL are rejected. Sec-
ondary particles of atmospheric origin [8] are rejected
with the cutoﬀ requirement discussed below.
The sample purity is enhanced by a selection on the
ECAL classiﬁer. Its eﬃciency, E , is measured from the
data using negative charge sign samples. Optimal E
values range from 75% to 95% depending on the num-
ber of signal and background events in the energy bin.
The amount of (e+ + e−) events is ﬁnally evaluated
using a data-driven approach. TRD classiﬁer reference
spectra, or templates, for (e+ + e−) and for protons are
ﬁtted to the selected sample varying their normalization
in each energy bin. This procedure provides the yield
of (e+ + e−) events, N, and the statistical uncertainty on
N and on the number of background events. The sta-
tistical ﬂuctuations dominate the measurement uncer-
tainty above ∼200 GeV. The template ﬁt result in the
[149, 170] GeV energy bin is shown for reference in
Figure 1: Result of the template ﬁt in the [149, 170] GeV energy bin.
Figure 1. A total of 10.6 million (e+ + e−) events have
been identiﬁed with energies from 0.5GeV to 1 TeV.
The number of events corrected by the ECAL selection
eﬃciency is calculated as NE = N/E .
The templates for the (e+ + e−) signal and for the
proton background are constructed from the data, sep-
arately in each bin, using pure samples of e− and pro-
tons. The signal template does not show any energy de-
pendence above ∼10GeV. Therefore, all the e− selected
with high purity in the [15.1, 83.4] GeV energy range
are used to deﬁne a unique signal template up to the
highest energies. The systematic uncertainty on NE is
deﬁned by the level of accuracy to which the template
shapes and E are known. To evaluate this, the complete
analysis has been performed 2000 times in each energy
bin. For each trial, diﬀerent ECAL estimator cuts and
diﬀerent selections, which are used to deﬁne the tem-
plates from the data, have been tested. The ECAL esti-
mator selection has been varied in an interval of ±5% in
eﬃciency around the value of the cut that minimizes the
combined statistical and systematic uncertainties. The
stability of the result for all the trials quantiﬁes the sys-
tematic uncertainty of NE . This is the main source of
systematic uncertainty above ∼500GeV.
A Monte Carlo (MC) program based on the
Geant 4.9.4 package [9] is used to simulate physics pro-
cesses and detector signals. The acceptance for a par-
ticle that passes through the AMS active volumes is
evaluated using the MC simulation and it amounts to
∼550 cm2 sr. The event selection eﬃciency amounts
to 90% at 10GeV, 83% at 100GeV, and 70% at 1 TeV.
The acceptance is corrected by the minor diﬀerences ob-
served between the data and the MC simulation. This
correction is a smooth, slowly varying function of en-
ergy. It is -4% at 10 GeV and -3% at 1 TeV. The uncer-
tainty on the acceptance amounts to 2% above 3 GeV
and does not show any strong energy dependence. It
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Figure 2: Φ(e+ + e−) measured by AMS multiplied by E3. The AMS
error bars are the quadratic sum of the statistical and systematic errors.
The results from earlier experiments [11, 12, 13, 14, 15, 16, 17] are
also shown.
dominates the measurement systematic uncertainty be-
low ∼500 GeV.
The trigger eﬃciency, T , is determined from data us-
ing a dedicated, unbiased trigger stream. It is measured
to be 100% above 3GeV decreasing to 75% at 1GeV.
The exposure time T is calculated for each energy bin
by the sum of livetime-weighted seconds of data taking.
The seconds are added up only if the minimum energy
of the bin exceeds 1.2 times the maximum Størmer cut-
oﬀ [10] for |Z|=1 particles in the AMS geometric accep-
tance. The exposure time amounts to 6.2 × 107 s above
30 GeV and it decreases below 30 GeV due to the non-
negligible eﬀect of the geomagnetic cutoﬀ.
3. Result
The (e+ +e−) ﬂux, calculated according to Equation 1
and multiplied by E3, is presented in Figure 2 together
with previous measurements. Below ∼10GeV, the be-
havior of Φ(e+ + e−) is aﬀected by solar modulation.
Above 20GeV the eﬀects of solar modulation are in-
signiﬁcant within the current experimental accuracy.
The data show no relevant feature and the ﬂux is
smooth above 10 GeV. The ﬂux can be described by
a single power law (Φ ∝ Eγ) above 30 GeV. The re-
sult of the single power law ﬁt to Φ(e+ + e−) is shown
as the black dashed line in Figure 3. The existence
of a prominent spectral feature above 300 GeV is ex-
cluded. Other possible spectral anomalies are strongly
constrained. The ﬂux measured by AMS results softer
than previous measurements at high energies. More
details about the analysis of the energy dependence of
Φ(e+ + e−) are discussed in [4].
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Figure 3: Single power law ﬁt (dashed black line) to the Φ(e+ + e−)
AMS measurement.
In conclusion, the redundant e± identiﬁcation capa-
bilities and the accurate energy measurement of AMS
provide high quality data for the measurement of e±
in cosmic rays. The precision measurement by AMS
shows that the (e+ + e−) ﬂux is smooth up to 1 TeV and
no prominent features in the spectrum are observed.
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